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The new discovered iron-based superconductors have chain-like As layers. These layers generate an addi-
tional 3-dimensional hole pocket and cone-like electron pockets. The former is attributed to the Ca d and As1
pz orbitals and the latter are attributed to the anisotropic Dirac cone, contributed by As1 px and py orbitals.
We find that large gaps on these pockets open in the collinear antiferromagnetic ground state of CaFeAs2, sug-
gesting that the chain-like As layers are strongly coupled to FeAs layers. Moreover due to the low symmetry
crystal induced by the As layers, the bands attributed to FeAs layers in ky = pi plane are two-fold degenerate
but in kx = pi plane are lifted. This degeneracy is protected by a hidden symmetry Υˆ = Tˆ Rˆy . Ignoring the
electron cones, the materials can be well described by a six-band model, including five Fe d and As1 pz orbitals.
We suggest that these new features may help us to identify the sign change and pairing symmetry in iron based
superconductors.
PACS numbers: 74.70.Xa, 74.20.Rp, 71.18.+y
I. INTRODUCTION
The discovery of high-temperature superconductivity in
LaFeAsO1−xFx1 has generated considerable interest in the
study of iron pnictides. Many different families of materi-
als have been discovered, including the 1111 family with Tc
exceeding 55 K2,3, the 122 family such as (K,Ba)Fe2As2 with
Tc around 38 K4,5, the 111 family such as LiFeAs with Tc
around 20 K6–8 and so on. All the iron pnictides discovered
so far consist of FeAs layers and various kinds of blocking
layers. Among all these materials, their Fermi surfaces are
qualitatively similar and the lattice symmetry groups are ei-
ther P4/nmm or I4/mmm which result in double degener-
ate band structure on the Brillouin zone boundary. The block-
ing layers in these materials are mostly insulating so that the
electron states from them have little contribution to electronic
physics.
Very recently, two novel iron pnictide materials
(Ca,Pr)FeAs29 and Ca1−xLaxFeAs210 have been syn-
thesized and the superconductivity transition temperature are
20 K and 45 K respectively. In angle-resolved photoemission
measurements, Liu et al. observed three hole-like bands
around the Gamma point and one electron-like Fermi surface
near the M point11. In contrast to the previous discovered
iron based superconductors, Ca1−xLaxFeAs2 belongs to the
monoclinic space group P21, containing only two operations:
the two-fold screw axis along y axis and the identity. It
contains alternately stacked FeAs and arsenic layers. The As
atoms in arsenic layers form zigzag chains and they are quite
different from the anions square network in LaOFeAs. More
interestingly, it was predicted that the blocking layers BaPn
in a hypothetical compound BaFePn2(Pn=As, Sb) with a
similar structure were predicted to be metallic through first
principle calculation12.
In this paper, we perform density functional(DFT) calcu-
lation to investigate the electronic and magnetic structures of
CaFeAs2. We find that CaFeAs2 is a bad metal similar to the
other iron based materials. However, we found that the CaAs
blocking layers are metallic, which can make a key difference
on electronic properties from the other iron based supercon-
ductors. In the paramagnetic state, the blocking layers con-
tribute an additional 3-dimensional hole pocket at Γ point and
four electron cones. The additional hole pocket is contributed
by the Ca d and As1 pz orbitals and the electron cones are
attributed to the As1 px and py orbitals. The ground state of
CaFeAs2 is found to be collinear antiferromagnetic. The gaps
on the electron cones are opened in the collinear antiferro-
magnetic state, suggesting that the CaAs layers are strongly
coupled to FeAs layers. Moreover due to the low symmetry
crystal induced by the blocking layers, the bands attributed to
FeAs layers in the ky = pi plane are two-fold degenerate, but
the degeneracy in the kx = pi plane is lifted. This degeneracy
is protected by an hidden symmetry Υˆ = Tˆ Rˆy . Ignoring the
electron cones, the materials can be well described by a six-
band model, including five Fe d and As1 pz orbitals. We sug-
gest that these new features may help us to sort out proposals
related to pairing symmetries in iron-based superconductors.
The paper is organized as following. In Section II, the
DFT band structures and fermi surfaces in paramagnetic and
collinear antiferromagnetic phase are presented. Then, in
Sec. III, we obtain the tight binding models for the As lay-
ers and FeAs layers and the anisotropic Dirac cone is shown.
In Sec. IV, we discuss the new features in this material, which
may be used to test the pairing symmetry of the iron based
superconductors. Finally, in Sec. V, we give a summary and
provide the main conclusions of our paper.
II. ELECTRONIC STRUCTURE
A. Structure and Method
Our DFT calculations employ the projector augmented
wave (PAW) method encoded in Vienna ab initio simulation
package(VASP)13–15, and both the local density approxima-
tion (LDA) and generalized-gradient approximation (GGA)16
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FIG. 1: (color online). Schematic view of the structure of
Ca1−xLaxFeAs2.
for the exchange correlation functional are used. Throughout
this work, the cutoff energy of 500 eV is taken for expand-
ing the wave functions into plane-wave basis. In the calcu-
lation, the Brillouin zone is sampled in the k space within
Monkhorst-Pack scheme17. The number of these k points are
depending on the lattice: 11 × 11 × 4 and 8 × 8 × 4 for the
paramagnetic phase and collinear antiferromagnetic phase, re-
spectively . We relax the lattice constants and internal atomic
positions with both LDA and GGA, where the plane wave cut-
off energy is 600 eV. Forces are minimized to less than 0.01
eV/A˚in the relaxation.
The crystal structure of Ca1−xLaxFeAs2 is shown in Fig.1.
Although pure CaFeAs2 has not been experimentally synthe-
sized, we perform the calculation for the parent compound
CaFeAs2. The optimized and experimental structural pa-
rameters of CaFeAs2 are summarized in Table I. The calcu-
lated lattice constants using both LDA and GGA are in good
agreement with the experiment data. However, the calculated
length of Fe-As2 bond in the paramagnetic phase are smaller
than the experimental value. The GGA calculated As2 height
differs from the experimental data by 0.11 A˚. This underesti-
mated As2 height has been also noted in the BaFe2As218 and
LaFeAsO19,20 compounds and may be related to the strong
spin fluctuation, which is beyond DFT calculation. As the cal-
culated lattice parameters using GGA are more closer to the
experimental data, we perform the following calculation using
the lattice parameters obtained by relaxation with GGA.
B. Band and DOS
The band structure and density of states(DOS) for CaFeAs2
with GGA optimized structural parameters are shown in Fig.2
and Fig.3, respectively. Similar to iron pnictides, it is a bad
metal with high density of states. The 3d states of Fe are
mainly located near the Fermi level from -2.5 eV to 2.0 eV
TABLE I: The optimized and experimental structural parameters of
CaFeAs2 using LDA and GGA in the paramagnetic phase. The space
group is P21(No. 4). The experimental data is for Ca1−xLaxFeAs2.
Deviations between the optimized and experimental values are given
in parentheses in % .
LDA GGA EXP
a(A˚) 3.851(-2.43) 3.957(0.26) 3.947
b(A˚) 3.800(-1.86) 3.895(0.59) 3.872
c(A˚) 9.758(-5.46) 10.075(-2.39) 10.321
β(◦) 91.1(-0.35) 91.3(-0.11) 91.4
Fe-As2(A˚) 2.27; 2.30 2.32; 2.36 2.41; 2.42
As1-As1(A˚) 2.52; 2.90 2.56; 3.01 2.53; 3.02
and a pseudogap appears at an electron count of six. The As2
p states mainly lie 2.5 eV below the Fermi level and are mod-
estly coupled with the Fe 3d states. While, the As1 p states
extend from -4 eV to 1 eV and form dispersive bands, which
indicates the p orbitals of As1 are much more extended than
those of As2. Despite the large separation between As1 and
Fe atoms, the p orbitals of As1 hybridize with 3d orbitals of
Fe and Ca in the energy range from -1.8 eV to 1.3 eV. While,
the O p states in LaOFeAs are well below the Fermi level.
There is a energy shift between the p states of O in LaFeAsO
and As1 in CaFeAs2. To analyze the orbital characters near
the Fermi level, we plot the fat band, shown in Fig.2(b). In
contrast to the normal iron based material band structure, the
dirac cone-like bands appear near B and D. Fig.4 shows the
calculated Fermi surfaces. There are two electron cylinders at
the zone corner, four electron cones around the zone edge D-B
line and three hole cylinders around zone center, and an addi-
tional 3D big hole pocket. The Fermi surfaces are very similar
to the normal Fermi surfaces in iron based superconductor ex-
cept for the additional 3D hole pocket and four electron cones.
The additional 3D hole pocket is mainly attributed to the Ca
d and As1 pz states, which hybridize sufficiently with Fe d
orbitals. The four electron cones are mainly derived from the
As1 px and py orbitals.
The space group of CaFeAs2 consists of only a screw axis
and identity, which shows clear difference compared with
other Fe-based materials. The consequence of the low sym-
metry is that the degeneracy is preserved in ky = pi plane but
lifted in kx = pi plane. Therefore, the electron pockets are
no longer degenerate and a small gap is opened in kx = pi
plane, shown in Fig.4. It may have a significant effect on the
connection of electron Fermi surfaces. The band degeneracy
in ky = pi plane is protected by a hidden symmetry and the
corresponding operator is,
Υˆ = Tˆ Rˆy, (1)
where Tˆ is the time reverse operator(Tˆ is complex conjugate
operator) and Rˆy is the screw operation, that is, twofold rota-
tion with y axis followed by a translation of half of the lattice
vector along y direction. Thus, Υˆ is an antiunitary operator.
In paramagnetic phase, ΥˆHΥˆ−1 = H and k in ky = pi plane
is invariant under Υˆ operation. Furthermore, Υˆ2 = −1 at the
3TABLE II: The total energies for different magnetic states. They are
given relative to the total energy of the nomagnetic state and the unit
is meV/Fe.
Nomagnetic Checkerboard Collinear
relative energy (meV). 0 -1.0 -35.0
magnetic moment (µB). 0 0.79 1.52
k in ky = pi plane. Therefore, the bands in the ky = pi plane
are two-fold degenerate21.
The superconductivity is likely related to the magnetism in
iron based materials. The calculated N(EF ) with GGA opti-
mized and experiment parameters are 3.55 and 5.08 eV−1/f.u.,
respectively. These values are larger than the corresponding
values of LaOFeAs (2.62 eV−1/f.u.)22. N(EF ) is large enough
to put this material near magnetism. The calculated Pauli
susceptibility and specific heat coefficient with GGA opti-
mized lattice parameters (experimental lattice parameters) are
χ0 = 1.15(1.65)×10−4emu/mol and γ = 8.8 (17.1) mJ/(K2
mol). To investigate the magnetic ground state of CaFeAs2,
we calculated the total energies of different magnetic states,
which are summarized in Table.II. The collinear antiferromag-
netic(AFM) state is the ground state, with an energy gain of
35.0 meV/Fe relative to a nomagnetic state and a spin moment
of 1.52 µB . We find a very weak instability of the non-spin
polarized state to checkboard antiferromagnetism (1 meV/Fe,
0.79 µB). No ferromagnetic instability is found in this mate-
rial with GGA optimized parameters.
Fig.5 and 6 show the calculated band structure and DOS
in the collinear AFM state (with
√
2 × √2 supercell) with
internal coordinates fixed to the values obtained by non-spin-
polarized energy minimization. The collinear AFM CaFeAs2
is also metallic with low carrier concentration and N(EF ) de-
creases severely. Small gaps are opened at the Dirac points
in the collinear AFM state. Fig.7 shows the Fermi surfaces
of CaFeAs2 in the collinear AFM state. There are an ”X”
shape hole pocket around Γ point and two electron pockets
along Γ-B direction, which is in sharp contrast with those in
the paramagnetic state.
III. TIGHT BINDING MODEL
From the above calculations, we see that the four electron
cones, which are attributed to the As1 px and py orbitals,
are almost decoupled from the As1 pz orbials and the main
bands of FeAs layers, and they have very small kz dispersion.
Therefore, we can derive a two-dimensional 4-band model to
describe the four electron cones from the CaAs layers by in-
cluding the px and py orbitals of two As1 atoms. We intro-
duce the operator φ†kσ = [c
†
axσ(k), c†ayσ(k), c
†
bxσ(k), c
†
byσ(k)],
where c†αβσ creates a pβ(β = x, y) electron with spin σ, sub-
lattice α(α = a, b) and wave vector k. Then, the tight-binding
Hamiltonian can be written as: H =
∑
kσ φ
†
kσh(k)φkσ . The
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FIG. 2: (color online). Band structures of CaFeAs2 using GGA re-
laxed parameters in the paramagnetic state. The lower panel shows
the orbital characters of bands near Fermi level.
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FIG. 3: (color online). Projected density of states for CaFeAs2 in
paramagnetic state using GGA.
Hamiltonian matrix is,
h11 = h33 = X + 2t
11
1 coskx + 2t
11
2 cosky,
h13 = (2t
13
1 e
i(x0−1)kx + 2t132 e
ix0kx)cos(ky/2),
h14 = h23 = −(2it141 ei(x0−1)kx + 2it142 eix0kx)sin(ky/2),
h22 = h44 = Y + 2t
11
2 coskx + 2t
11
1 cosky,
h24 = (2t
24
1 e
i(x0−1)kx + 2t242 e
ix0kx)cos(ky/2), (2)
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FIG. 4: (color online). Calculated Fermi surface using GGA opti-
mized lattice parameters. The right panel shows the electron Fermi
surface and Brillouin zone. The shaded circles show the gap opening
in kx = pi line on electron Fermi surfaces.
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FIG. 5: (color online). Band structures of CaFeAs2 using GGA re-
laxed parameters in the collinear AFM state. The lower panel shows
the orbital characters of bands near Fermi level.
where x0 = 0.42 is the difference between the x components
of a and b sublattices. The corresponding tight binding pa-
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FIG. 6: (color online). Projected density of states for CaFeAs2 in the
collinear AFM state. Only the spin-up states are shown.
FIG. 7: (color online). Calculated Fermi surface for the collinear
AFM state.
rameters are (all in eV),
X = −0.30, Y = −0.109, t111 = −0.149,
t112 = 0.128, t
13
1 = 0.89, t
13
2 = 0.649,
t141 = 1.169, t
14
2 = −1.740, t241 = 0.567
t242 = 1.213. (3)
The DFT and tight binding bands are shown in Fig.8(a) and
they match well near Fermi level. From Eq.2, we find that
the intraorbital couplings vanish for ky = pi and each band
in ky = pi plane is two-fold degenerate. While, the inter and
intra orbital couplings between a and b sublattices do not van-
ish for kx = pi and the bands in kx = pi are not degener-
ate. They differ from the bands in iron based superconductors
with P4/nmm and I4/mmm space groups, where all bands
in both kx = pi and ky = pi planes are two-fold degener-
ate. Consider the k point k = (pi, ky)(ky → 0) in A-B line,
the eigenvalues of the HamiltonianE ∼ ±2(t141 −t142 )ky(only
consider dominant terms). Therefore, the two linearly dispers-
ing bands cross each other around B, forming a Dirac cone.
It is consistent with DFT calculation. The anisotropic Dirac
cone obtained by tight binding model is shown in Fig.8(b).
Similar to other iron-based superconductors, the electronic
structure of the FeAs layers has contribution from all d-
orbitals at iron atoms. However, as the As1 pz contributes an
additional hole pocket with large kz dispersion, the coupling
between the Fe d orbitals and the As1 pz can not be ignored.
5-6
-5
-4
-3
-2
-1
 0
 1
 2
 3
 4
 5
 6
A B Γ A Y Γ
E
ne
rg
y 
(e
V
)
dft
TB
（a）
（b）
FIG. 8: (color online). (a) The bandstructures of DFT and tight bind-
ing for the CaAs layers. The dark and red lines denote the DFT and
tight binding bands, respectively. (b) The band dispersion near the
dirac point.
Considering the symmetry breaking of FeAs layers is not too
severe, we can construct a six-band tight binding model in-
cluding five d orbitals of Fe and pz orbital of As1 to describe
the main band structures. The hopping parameters are listed
in Table.III. The onsite energies i (in eV) 1 = −0.0411,
3 = −0.329, 4 = 0.122, 5 = −0.182, and 6 = −1.591
where i=1 corresponds to the dxz , i=2 to the dyz , i=3 to the
dx2−y2 , i=4 to the dxy , i=5 to the d3z2−r2 , and i=6 to the As1
pz .
ξ66 = 2t
66
x (coskx + cosky) + 4t
66
xycoskxcosky,
ξ56 = 2it
56
z sin(kz/2). (4)
The tight binding band fits the DFT band well near the Fermi
level, shown in Fig.9. Because of the symmetry breaking, the
bands in A-B and D-E lines are no longer degenerate. This
TABLE III: The hopping parameters to fit the DFT results in the
six-orbital model. The definition of the kinetic energy terms ξmn(k)
follow those in Ref.23. The z in parentheses denotes the hopping
tmnz . The x direction is along the Fe-Fe bond.
tmni i=x i=y i=xy i=xx i=yy i=xxy i=xyy i=xxyy
mn=11 -0.08 -0.40 0.28 0.02 -0.01 -0.040 0.035
mn=33 0.375 +tx -0.075 -0.022 +txx 0.013
mn=44 0.172 +tx 0.125 -0.025 +txx -0.032 +txyy -0.02
mn=55 -0.061 +tx -0.095 -0.042 +txx 0.01 +txxy -0.006
mn=66 -0.421 +tx 0.02
mn=12 0.121 -0.022 +txxy 0.043
mn=13 -0.414 0.112 0.022 -txxy
mn=14 -0.32 -0.015 -0.007 -0.018
mn=15 -0.093 -0.103 -0.021
mn=34 0.01 -txxy
mn=35 -0.334 -tx -0.018 -txxy
mn=45 0.121 -0.012
mn=56 0.2(z)
-3
-2
-1
 0
 1
 2
A B Γ A Y Γ Z C E Z D E
E
ne
rg
y 
(e
V
)
dft
TB
FIG. 9: (color online). The bandstructures of DFT and tight bind-
ing. The dark and red lines denote the DFT and tight binding bands,
respectively.
effect can be modeled by adding a symmetry breaking term
sinkx + sinky in ξ12.
IV. DISCUSSION
Unlike LaFeAsO, the spacer layers in CaFeAs2 can con-
tribute to the states near Fermi level and are metallic. The
As1 pz orbitals can couple with Fe d orbitals, which make this
material less two dimensional than LaOFeAs. These unique
feature may be used to test the role of charge and polarization
fluctuation, the importance of two dimensionality and pairing
symmetry in Fe-based superconductors12.
6In previous discovered iron based materials, the electron
Fermi surface consists of two ellipses and the band connec-
tion is shown in Fig.10(a). In CaFeAs2 system, however, the
degeneracy is lifted in the kx = pi plane and the band con-
nection should have a significant difference from the previous
discovered materials. The topology of the electron pockets in
CaFeAs2 appears as Fig.10 (b). From our calculation, the sep-
aration between the two pockets near kF is about 7 meV and
slightly increases with hole doping.
The pairing symmetry in iron-based superconductors has
not been settled24. There are many different proposals. The
degeneracy lift is manifested by the coupling between the
two electron bands. The coupling can help to determine
some features related to pairing symmetries. One essen-
tial debate about pairing symmetries is whether there is a
sign change among electron pockets. For example, the sign
change exists in both the d-wave25 and the anti-phase s± pair-
ing symmetry26–30 while it is absent in a standard s-wave or
s±31–34. If such a sign change exists, the small coupling can
cause very interesting effect on the gap functions on the elec-
tron pockets. To see this, one can write a general meanfield
Hamiltonian for the two electron bands as
H =
∑
k
Ψ†(k)h(k)Ψ(k),
h(k) =
 1(k) ∆1(k) V (k) 0∆1(k) −1(k) 0 −V (k)V (k) 0 2(k) ∆2(k)
0 −V (k) ∆2(k) −2(k)
 , (5)
with Ψ†(k) = (c†1k↑, c1−k↓, c
†
2k↑, c2−k↓) in Nambu spinor rep-
resentation. c†αkσ creates an electron with wave vector k,
band α and spin σ. V (k) is the inter band coupling due to
the low crystal symmetry of CaFeAs2. Near the Fermi level,
1,2(k) = 0 and the four Bogoliubov quasi-particle eigenval-
ues E1 = −E3 and E2 = −E4, which are given by
Em=1,2(k) =
1
2
[±(∆1 −∆2) +
√
(∆1 + ∆2)2 + 4V 2]. (6)
For simplicity, we take |∆1| = |∆2|, which will not affect
our qualitative analysis. If the two order parameters have the
same sign, Em=1,2(k) =
√
∆21 + V
2. The coupling has little
effect on the gap functions. However, if the sign change exists
between two electron pockets26–28, Em=1,2(k) = ±∆1 + V .
In this case, if the original gap functions on the electron Fermi
surfaces are close to isotropic as measured in many other
iron-based superconductors, the coupling is expected to cre-
ate large anisotropic gaps among electron pockets. There-
fore, if there is a sign change between the electron pockets,
a large anisotropic gap can be expected on electron pockets in
CaFeAs2.
The existence of the additional hole pocket also may pro-
vide a way to determine the s± pairing symmetry. The addi-
tional hole pocket has large c-axis dispersion. It is expected
to dominate the c-axis transportation. Therefore, on the CaAs
layer, the superconducting order should have the same sign
as the hole pockets of the FeAs layers. This feature allows
to construct a pi-junction device to access the sign of electron
pockets and hole pockets separately as suggested in Ref.35.
(a) (b)
(c) (d)
FIG. 10: (color online). (a) The band connection of electron Fermi
surfaces in normal iron based materials; (b) the band connection of
electron Fermi surfaces in CaFeAs2. The curves with different colors
denote different bands. (c) The phase of normal SC state on electron
Fermi surfaces. (d) The phase of anti-phase SC state on electron
Fermi surfaces. The sign difference is indicated by black and red
colors.
V. CONCLUSION
In summary, we report the electronic structures and mag-
netic properties for CaFeAs2. The recently discovered Iron-
based superconductors have chain-like As layers. We find that
the states of CaAs blocking layers, compared with LaO lay-
ers in LaOFeAs, are metallic and couple strongly with those
of the FeAs layers. The Fermi surfaces are similar to those
of LaOFeAs except for the additional 3D hole pocket and
four electron cones. The additional hole pocket is mainly
attributed to the Ca d and As1 pz states and the electron
cones are derived from the As1 px and py states. The ground
state of CaFeAs2 is found to be a collinear antiferromagnetic
semimetal. Ignoring the electron cones, this materials can be
well described by a six-band model, including five Fe d and
As1 pz orbitals. Moreover due to the low symmetry crystal
induced by the As layers, the bands attributed to FeAs layers
in ky = pi plane are two-fold degenerate but in kx = pi plane
are lifted. This degeneracy is protected by an hidden symme-
try Υˆ = Tˆ Rˆy . It causes the band rearrangement in kx = pi
plane and the band connection of electron Fermi surface has
changed. This feature and the additional hole pocket may be
used to identify the sign change and pairing symmetry of iron
based superconductors and shed light on the mechanism un-
derlying high-temperature superconductivity .
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